This study investigated the incidence of rabies among dogs involved in bites and the risk factors associated with rabies infections and dog bites in Plateau State, Nigeria, between January 2011 and December, 2012 using the fluorescent antibody test, the mouse inoculation test and questionnaire analysis. The overall incidence observed was 46.7% (150/321), with males and females representing 27.7% (89/321) and 19.0% (61/321) of the overall incidence respectively. This was statistically insignificant (P> 0.05). In relation to dog breeds, incidence rates observed were 45.8% (147/321), 0.3% (1/321), 0.6% (2/321) and 0.0% (0/321) for Local, Alsatian, Rottweiler and Caucasian respectively which was statistically insignificant. Based on rabies vaccination status, vaccinated and unvaccinated dogs had incidence rates of 1.2% (4/321) and 45.5% (146/321) which was statistically significant (P< 0.05). Based on age group, the highest incidence was observed among dogs >36 months 19.0% (61/321), followed by dogs within the age group 0-6 months 11.8% (38/321), while the lowest was among those within the age bracket >30-36 months 1.6% (5/321). This was was highly statistically significant (P<0.00001). Based on Local Government Areas (LGA) studied, the highest incidence was recorded in Jos South 15.6% (50/321), followed by Mangu with 7.5% (24/321). The lowest incidence of 0.3% (1/321) was recorded in three different LGAs namely; Jos East, Lantang South and Quanpan, while there were zero incidences in Lantang North which was highly statistically significant. The incidence of dog bites was highest among children between the age bracket 0-10 years 19.6% (89/321), followed by that among age group 11-20 5.9% (33/321), while the lowest was among adults >60 years of age 2.2% (13/321). In relation to sex, incidence of dog bite was higher among males 57.6% (185/321) than females 42.4% (136/321). Risk factors analysis indicated that level of awareness of rabies, lack of vaccination of dogs against rabies, the bitten of pet dogs by stray dogs and the capture of trade dogs from the wild are associated with the incidence of rabies in the study area. This study observed a high incidence of rabies among dogs involved in bites and a higher incidence of dog 
Introduction
Rabies is a violent viral zoonosis that poses serious global public health threats particularly in Asia and Africa. The name rabies originated about 3000 BC from the word rabha which means violence and the disease is known for more than 4300 years (Takayama, 2005; 2008) . It is caused by rabies virus which is a bullet-shaped enveloped RNA virus belonging to the genus Lyssavirus type 1 and the family rhabdoviridae (Knobel et al., 2005; Salmon-Mulanovich et al., 2009) .
The disease causes 55,000 annual mortalities with 56% (30,800/55,000) and 44% (24,200/55,000) occurring in Asia and Africa respectively (WHO, 2005) . Although it is estimated that over 99% of human cases of rabies are as a result of bite of domestic dogs, however, the roles of wildlife species such as foxes (Smith and Baer, 1988; Rupprecht et al., 1991) , coyotes (Smith, 1989; 1996) , raccoon (Jenkins and Winkler, 1987) skunk (Parker, 1975) and bats (Smith, 1996) in the maintenance and transmission of the diseases has been reported. Human to human transmission of rabies virus occurred through organ transplantation (Takayama, 2005) . With an annual death of 55,000 in Asia and Africa, rabies is estimated to have total daily adjusted life years scores of 1.7 million and a global cost of 583 million US dollars (Knobel et al., 2005) .
The disease still remains a very important public health problem in Nigeria posing serious fear to the populace (Suzuki et al., 2008) , and about 10,000 annual human cases were reported in Nigeria (Nawathe, 1980) . The disease has remained an endemic problem in Nigeria since it was first reported in 1912 (Umoh and Belino, 1978; Nawathe, 1980) . The first laboratory confirmation of rabies in Nigeria was in 1925 by the demonstration of negri bodies in the brain smear of a rabid dog (Boulger and Handy, 1960) .
The vaccination of dogs and control of stray dogs still remain the major control strategies (Umoh and Belino, 1978; Meslin et al., 1994) . In Nigeria, two anti-rabies vaccines namely; the modified live virus vaccine-low egg passage produced in the 1956 and the high egg passage produced in 1970 are used in the prevention of canine and feline rabies respectively (Ogboegbulem, 1994) . This study is designed to investigate a two-year incidence of rabies in dogs involved in bites in Plateau State, Nigeria between January, 2011 and December, 2012. It is believed that the findings of this study will provide information required for the institution of control strategies against canine rabies which will in turn curtail the transmission of the virus to humans and other animals.
Materials and Methods

Study Area
This study covered fourteen Local Government Areas of Plateau State where dog bites were reported from. These include Bassa, Bokkos, Barkin Ladi, Jos East, Jos North, Jos South, Kanke, Langtang North, Langtang South, Mangu, Pankshin, Quanpan, Riyom, Shendam, and others. The term others were used to include all bites reported outside Plateau State.
Sample Collection
Dog heads of dogs involved in bites in Plateau State, Nigeria between January, 2011 and December, 2012 which were reported to the Veterinary Clinic, Federal College of Animal Health and Production Technology Vom, Nigeria were used for this study. Well structured closed ended questionnaires were administered to the owners of dogs involved in bites and victims of the bite to obtain information such as awareness of rabies, possession of dogs, vaccination of dogs against rabies, the use of dogs in hunting wildlife species, capturing of pet and trade dogs from the wild among others. Only dogs involved in bites were used for this study, while dogs that were not involved in bites were excluded.
Laboratory Diagnosis of Rabies
Brain tissues from the dog heads were subjected to the fluorescent antibody test (FAT) and the mouse inoculation test at the rabies diagnostic unit of the National Veterinary Research Institute Vom, Nigeria according to the protocol described by OIE (2010) . Data collated at the end of this study were subjected to statistical analysis. Incidence rates were calculated by dividing the number of positive cases to the total number of animals examined and expressed as percentages. The Chi square test (Kuzma and Bohnenblust, 2001 ) was used to test for the differences in incidence rates based on sex, age group, vaccination status and breed of dogs. The Chi square test, odd ration and 95% Confidence Interval was used to test for the association between risk factors and rabies incidence.
Results
The overall incidence observed was 46.7% (150/321), with males and females representing 27.7% (89/321) and 19.0% (61/321) of the overall incidence respectively (Table 1) . This was statistically insignificant (P> 0.05). In relation to dog breeds, incidence rates observed were 45.8% (147/321), 0.3% (1/321), 0.6% (2/321) and 0.0% (0/321) for Local, Alsatian, Rottweiler and Caucasian respectively which was statistically insignificant (Table 1) . Based on rabies vaccination status as shown in Table 1 , vaccinated and unvaccinated dogs had incidence rates of 1.2% (4/321) and 45.5% (146/321) which was statistically significant (P< 0.05). Based on age group, the highest incidence was observed among dogs >36 months 19.0% (61/321), followed by dogs within the age group 0-6 months 11.8% (38/321), while the lowest was among those within the age bracket >30-36 months 1.6% (5/321). The age groups >6-12, and >12-18, months recorded incidence rates of 6.5% (21/321), and 2.2% (7/321), respectively while >18-24 and >24-30 age groups both recorded 2.8% (9/321) incidence (Table 2) . Based on LGAs, the highest incidence was recorded in Jos South 15.6% (50/321), followed by Mangu with 7.5% (24/321). The lowest incidence of 0.3% (1/321) was recorded in three different LGAs namely; Jos East, Lantang South and Quanpan, while there were zero incidences in Lantang North. There were also incidence rates of 3.4% (11/321), 1.6% (5/321) and 6.5% (21/321) for Barkin Ladi, Jos North and Others respectively. There were incidence rates of 4.1% (13/321) for both Bokkos and Riyom, 0.9% (3/321) for both Bassa and Kanke as well as 0.6% (2/321) for both Pankshin and Shendam LGAs (Table 3) . The incidence of dog bites was highest among children between the age bracket 0-10 years 47.4% (152/321), followed by that among age group 11-20 16.2% (52/321), while the lowest was among adults >60 years of age 4.0% (13/321). Others were 11.2% (36/321), 9.0% (29/321), 6.9% (22/321) and 5.3% (17/321) for age groups 21-30, 31-40, 41-50 and 51-60 years respectively (Table 4) . In relation to sex, incidence of dog bite was higher among males 57.6% (185/321) than females 42.4% (136/321) as shown in (Table 5) .
Discussion
Incidence of rabies
Rabies has recently been reported by several workers in Nigeria among adult dogs (Bello et al., 2007; Aliyu et al., 2010; Ogo et al., 2011) , puppies (Bello et al., 2007; Kujul et al., 2012) , sheep (Bello et al., 2007) , cattle (Bello et al., 2007) and elsewhere (Cohen et al., 2007) . These works have confirmed the endemicity of rabies in Nigeria since the first report in 1912 (Umoh and Belino, 1978; Nawathe, 1980) . This study revealed an overall incidence of 46.7% for rabies. This incidence is quite high considering the violent and deadly nature of the disease in man and animals. This finding is higher than the report of Kujul et al. (2012) , who reported a prevalence of 33.1% among puppies in a retrospective study in the same State. The high incidence observed by this study may be due to reasons such as the sample population which was restricted to dogs involved in bites, the increased demand for dogs in the study area for consumption, guard and companionship and the presence of the largest dog market in the whole of Nigeria. Other possible explanations include; the use of dogs in hunting wildlife species (Chomel et al., 2007) as well as the capture of dogs from the wild for consumption, trade and domestication as was observed by the risk factors analysis.
Although not statistically significant, male dogs recorded higher incidence of rabies than the females. This may be explained by the increased activity of male dogs and their self defence that ends in fighting during mating.
Breed based incidence was higher among the local breeds than the exotic breeds sampled by this study. This might not be unconnected with the larger number of local breeds sampled. The high value attached to these exotic breeds leads to their regular vaccination. This might be a probable reason for the lower incidence of rabies and dog bites involving the exotic breeds of dogs.
The difference between the incidence of rabies among vaccinated and unvaccinated dogs was statistically significant with higher incidence observed among the unvaccinated population. The unvaccinated dogs are generally more prone to rabies than the vaccinated population. The incidence observed among the 21.1% of the vaccinated dogs might be due to reasons related to vaccine failure (Chukwuedo and Olabode, 2007) . Vaccine failure might have arisen from poor vaccine handling and storage, breakage in cool chain, administration through wrong routes among others.
Age based incidence showed a higher incidence among puppies between the age group 0-6 months. The occurrence of rabies in puppies within ages 0-6 months agreed with the finding of Adeyanju and Addo (1977) , that rabies can infect dogs ≤ to three months of age. This may not be unconnected with the low immunity associated with younger dogs and the inability of dog owners to vaccinate their bitches resulting in lack of maternal antibodies that would have protected the puppies. Also the 94.1% respondents that claimed not to have been vaccinating their dogs regularly are another confirmation for the higher incidence observed among puppies.
The higher incidence observed among dogs sampled from Jos South Local Government Area may be due to the proximity of this LGA to the Veterinary Clinic of the Federal College of Animal Health and Production Technology, Vom, Nigeria where the dog bite cases were reported. The higher sample submitted from this LGA might have contributed to the higher incidence rate observed.
The incidence of dog bites was higher among children between the age groups 0-10, followed by 11-20 years. The common habit of dog provocation by children of these age groups through throwing of objects at the dogs will be a possible reason for the higher incidence of dog bites among this group. This is in line with the risk factors finding that 91.3% respondents agreed that their children do provoke dogs. Incidence of dog bite was higher among male s than female dogs.
Risk factors for rabies
Risk factors analysis indicated that level of awareness of rabies (P<0.0001, OR = 5.7251), lack of vaccination of dogs against rabies (P<0.0207, OR = 0.2849), the bitten of pet dogs by stray dogs (P<0.0164, OR = 0.5590) and capture of trade dogs from the wild (P>0.0011, OR = 2.5475) are associated with the incidence of rabies in the study area.
The risk factors practiced by these respondents in the study area which may be associated with the incidence of rabies and dog bites include; lack of routine immunization of dogs against rabies, the use of dogs to hunt wildlife species, the capture of dogs from the wild for consumption, domestication and trade and the provocation of dogs by children. These practices may be due to lack of information on the public health risk associated with dog bite, poverty, the struggle to provide the 65g of animal protein recommended by the World Health Organization among others. It is recommended that all dogs be vaccinated against rabies, screened afterwards for post vaccination antibody titres to ensure that they are protected and essential information on the public health risk associated with rabies are provided to the populace of the study area.
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